A Gram-stain-positive, aerobic, non-motile, coccoid, arsenic-resistant actinobacterial strain, designated CM1E1
The genus Kocuria was first proposed by to accommodate a phylogenetic lineage distinct from the other species within the genus Micrococcus. The genus Kocuria is clearly separated from Micrococcus and other related Gram-stain-positive cocci, such as Arthrobacter (cocci in the stationary of growth) and Rothia, in the phylogenetic analyses using 16S rRNA gene sequences . Belonging to the family Micrococcaceae in class Actinobacteria, the genus Kocuria comprises 20 recognized species at the time of writing (http://www.bacterio.net/kocuria.html), which were isolated from different environmental sources such as desert soil (Li et al., 2006) , seawater (Seo et al., 2009) , air (Zhou et al., 2008) , marine sediment (Kim et al., 2004; Bala et al., 2012) , the rhizoplane of narrow-leaved cattail (Kovács et al., 1999) , a cold desert soil of the Indian Himalayas (Mayilraj et al., 2006) , fermented seafood (Park et al., 2010a, b; Yun et al., 2011) , sediment (Dastager et al., 2014) and saline and alkaline soil . All species of the genus Kocuria are coccoid-shaped, Gram-stain-positive, catalase-and oxidase-positive (Kaur et al., 2011) , nonhalophilic (except Kocuria marina, Kocuria halotolerans and Kocuria indica), non-endospore forming, and nonmotile. Strains are chemo-organotrophic with strictly aerobic metabolism. Polar lipids present in the genus Kocuria include diphosphatidylglycerol and phosphatidylglycerol, while phosphatidylinositol is present in one species of the genus Kocuria (Stackebrant & Schumann, 2012) . The predominant whole-cell sugars are galactose, glucose and ribose (Reddy et al., 2003; Yun et al., 2011; Bala et al., 2012; Dastager et al., 2014) .
During research on diversity of endophytic bacteria associated with endemic plants growing on mine tailings at Villa de la Paz (238 41' N, 1008 42' W) et al., 2010) . In this area, the lateral roots of Prosopis laegivata and whole roots of Spharealcea angustifolia were sampled in February 2012. The thin roots (,0.5 mm in diameter) were washed with sterile distilled water; rinsed successively in 70 % (v/v) ethanol for 30 s, in sodium hypochlorite solution (2.5 % available Cl 2 ) for 5 min, and washed six times with sterile distilled water (Marquez-Santacruz et al., 2010) . Subsequently, 1 g sample was ground in 9 ml of 0.85 % NaCl under aseptic condition (Barzanti et al., 2007) . Aliquots (100 ml) of tissue extracts (10
21
-10 23 ) were plated in triplicate on tryptic soya agar (TSA; Difco) medium. The plates inoculated with root extracts were incubated at 28 8C for 14 days (Marquez-Santacruz et al., 2010) and bacterial colonies were daily checked. In total, sixty different endophytic bacteria were isolated from roots of P. laegivata and S. angustifilia (unpublished data). To evaluate arsenic resistance, all the isolated bacteria were grown in MES-buffered minimal medium (Rathnayake et al., 2013) amended with different concentrations of arsenate (Na 2 HAsO 4 . 7H 2 O) or arsenite (NaAsO 2 ), respectively. The MICs of both arsenate and arsenite against strain CM1E1 T were 20 mM. Additionally, screening of arsenic reduction and/or oxidation was tested in chemically defined medium (CDM) (Weeger et al., 1999) supplemented with 2 mM arsenate or arsenite. The arsenic transformation assay was performed by the method disclosed with silver nitrate (Krumova et al., 2008) . Strain CM1E1
T was able to oxidize arsenite after incubation for 4 days at 28 8C (our unpublished data).
For screening the phylogenetic affiliation of isolates, genomic DNA of each isolate was extracted from 5 ml cultures grown on TSA medium at 28 8C, with shaking (150 r.p.m.) for 18 h, using the protocol described by Zhou et al. (1996) . The partial 16S rRNA gene was amplified from genomic DNA by PCR using the primers 27F and 1492R (Lane, 1991) as described previously (Sun et al., 2010) . The PCR products were purified with a commercial kit PURE LINK (Invitrogen 310002) and sequenced under Big Dye terminator cycling conditions with the same primers using Automatic Sequencer 3730XL at Macrogen (Korea). The acquired 16S rRNA gene sequence from strain CM1E1
T was 1409 bp in length. This sequence was compared with those in the GenBank database using
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Micrococcus luteus T , respectively, estimated with EzTaxon-e software; and only K. rhizophila TA68 T showed similarities .97 % (97.8 %) with strain CM1E1 T when MatGAT software was used. The differences in similarities estimated with the two softwares could be referred to the variation in percentage of coverture (comparison in Table S1 , available in the online Supplementary Material). Based upon these data, it seems that strain CM1E1
T represents a novel species within the genus Kocuria. Therefore, a polyphasic taxonomic characterization following general instructions for classification of prokaryotic strains (Tindall et al., 2010) was further performed to clarify the taxonomic position. To estimate the phylogenetic position, 16S rRNA gene sequences from strain CM1E1
T and the reference strains for species of the genus Kocuria were aligned using CLUSTAL X (2.0) software (Thompson et al., 1997) . The sequences were manually edited with SEAVIEW software (Galtier et al., 1996) . Evolutionary distances were calculated according to Kimura's two-parameter model (Kimura, 1980) . Phylogenetic trees were reconstructed using the neighbour-joining and maximum-likelihood methods (Saitou & Nei, 1987; Tamura et al., 2011) . The topologies of the two phylogenetic trees were evaluated by the bootstrap resampling method with 1000 replicates. The 16S rRNA gene sequence from Micrococcus luteus DSM 20030 T was used as an outgroup. In the neighbour-joining phylogenetic tree ( Fig. 1) , strain CM1E1
T formed a lineage clearly distinct from all defined species of the genus Kocuria and was most similar to K. rhizophila TA68 T with a bootstrap value of 100 %. The topology of the maximum-likelihood tree (Fig. S1 ) was the same as that in the neighbour-joining tree. The analyses of 16S rRNA gene sequences firmly identified strain CM1E1
T as a member of the genus Kocuria, representing a novel genomic species based upon proposed criteria for species definition (Tindall et al., 2010) .
For cellular fatty acid profile analyses, strain CM1E1
T and the closely related strain K. rhizophila JCM 11653 T were grown on TSA medium at 28 8C for 72 h and the cells for extractions were taken from plates of the same age. The fatty acids were analysed simultaneously by using the Microbial Identification System (MIDI) with Microbial Identification software package (Sherlock Version 6.0; MIDI database: RTSBA6) (Tighe et al., 2000) according to the standard protocol described by Sasser (2001) . The major fatty acids (.5 %) of strain CM1E1
T were anteiso-C 15 : 0 (45.0 %), anteiso-C 17 : 0 (20.5 %), iso-C 15 : 0 (12.5 %), iso-C 16 : 0 (6.1 %) and C 16 : 0 (5.8 %). For the reference strain K. rhizophila JCM 11653
T , anteiso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 15 : 0 and iso-C 16 : 0 were reported as the main fatty acids (Kovács et al., 1999) and they were also detected with the same order in the present study, with little modification of the relative abundances (Table 1) . This demonstrated that fatty acid composition detected in this study was confident and reproducible. The dominance of anteiso-C 15 : 0 in fatty acids of strain CM1E1 T was qualitatively similar to defined species of the genus Kocuria Kovács et al., 1999; Kim et al., 2004; Li et al., 2006; Zhou et al., 2008; Seo et et al., 2014). Meanwhile, the presence of anteiso-C 17 : 0 (20.5 %), iso-C 15 : 0 (12.5 %), iso-C 16 : 0 (6.0 %) and C 16 : 0 (5.7 %) as major compounds and of anteiso-C 16 : 0 , iso-C 16 : 1 I/C 14 : 0 3-OH, C 17 : 1 v8c, summed feature 2 and summed feature 3 as minor compounds (Table 1) could distinguish strain CM1E1 T from the closely related strain K. rhizophila JCM 11653 T . Furthermore, the fatty acid composition has no relation with phylogeny of species of the genus Kocuria (see Fig. 1 ).
The major respiratory quinones of strain CM1E1
T were MK-7(H 2 ) (72.5 %) and MK-8(H 2 ) (27.5 %), determined using reverse-phase HPLC procedures (Komagata & Suzuki, 1987) , which are typical for the members of genus Kocuria Reddy et al., 2003; Tvrzová et al., 2005; Dastager et al., 2014) . Cell-wall peptidoglycan of strain CM1E1
T was prepared and hydrolysed using the protocol described previously (Schleifer, 1985) and then amino acid compositions of the peptidoglycan were estimated by using an automatic amino acid analyser (model L-8900; Hitachi). Lysine (Lys) and alanine (Ala) were detected in cell-wall peptidoglycan of strain CM1E1
T , similar to those reported for the defined species of the genus Kocuria (Reddy et al., 2003; Zhou et al., 2008; Tang et al., 2009 ) and corresponded to the variation A3a peptidoglycan type (Schleifer & Kandler, 1972) .
For the morphological, physiological and biochemical characterization, strain CM1E1
T and the most related reference strain K. rhizophila JCM 11653 T , which was purchased from the Japan Collection of Micro-organisms, were cultured on TSA medium under the same conditions unless otherwise mentioned. The colony morphology was observed after 2-3 days of cultivation at 28 8C. Motility was observed after incubation for 2 days at 28 8C in semisolid TSA medium (0.4 % agar) (Cowan & Steel, 1965) . Cell morphology was observed by using a Hitachi S-3400 scanning electron microscope. The sample used for scanning electron microscopy was prepared using the protocol described by Jiao et al. (2015) . Strain CM1E1 T presented coccoid in pairs, tetrads and packets with a cellular diameter of 0.2 to 0.6 mm (Fig. S2 ). Growth and production of diffusible pigments were tested at 28 8C on TSA, Luria-Bertani (LB) agar, nutrient agar (NA), International Streptomyces Project (ISP) 1 medium (Pridham & Gottlieb, 1948) , ISP 4 medium (Shirling & Gottlieb, 1966 ), Czapek's agar and ISP 5 medium (Pridham & Lyons, 1961) . Growth at different temperatures (4, 10, 20, 28, 30, 37 and 44 8C) was evaluated on LB agar and ISP 4 plates by incubating the bacteria for 3-5 days and for 7, 15, and 21 days, respectively. The pH range and optimum for growth was determined using tryptic soya broth (TSB) at pH 4.0-12.0 (in increments of 1 pH unit), prepared using appropriate buffer systems: 0.1 M citric acid/0.1 M sodium citrate for pH 4.0-5.0; 0.05 M NaH 2 PO 4 /0.05 M Na 3 PO 4 : 12H 2 O for pH 6.0-10.0; 0.05 M Na 2 HPO 4 /0.1 M NaOH for pH 11.0; and 0.2 M KCl/0.2 M NaOH for pH 12.0. Each buffer without the medium was used as a negative control, and the pH was checked again after sterilization and adjusted when necessary. The liquid cultures were incubated in tubes at 28 8C for 3-5 days. Tolerance to NaCl was determined by growing the strain on basal LB agar and ISP 4 agar supplemented with different amounts of NaCl (0, 1, 3, 5, 7, 10, 15 and 20 %) incubated at 28 8C for 7, 15 and 21 days. Table S2 . +, Positive; 2, negative; (+), weakly positive.
Characteristic 1 2
Edges of colony Regular Irregular Diameter of cell (mm) 0.2-0.6 1.0-1.5* Urease + 2 Tween hydrolysis 2 + Growth at/with (in ISP 4 medium):
20 8C 2 (+) 37 8C
( +) + 325 % NaCl (+) + Growth with (in LB medium):
15-20 % NaCl (+) 2 Antibiotic resistance (mg ml 21 )
74.5 69.4* Peptidoglycan composition Lys-Ala Lys-Glu-Ala *Data from Kovács et al. (1999) .
Antibiotic susceptibility was tested by culturing strain CM1E1 T and the reference strain on LB agar medium containing (mg ml 21 ) tetracycline hydrochloride (5), neomycin sulfate (30), kanamycin sulfate (30), streptomycin sulfate (10), nalidixic acid (30), carbencillin disodium salt (100), chloramphenicol (30), ampicillin disodium salt (10) or gentamicin sulfate (10). Hydrolysis of starch, Tween 20, Tween 80 and urea, growth on Simmons's citrate, production of hydrogen sulphide, reduction of nitrate and nitrite, Voges-Proskauer reaction, catalase and oxidase activity were tested using the protocols described by Cowan & Steel (1965) . Utilization of various carbon compounds was tested using the Biolog GP2 MicroPlates according to the manufacturer's instructions. No difference was observed between strain CM1E1
T and closely related strain K. rhizophila JCM 11653 T in the cultures on media of TSA, LB, NA, Czapek's agar, ISP 1, ISP 4 and ISP 5. The ability to hydrolyse urea and assimilate melezitose, melibiose, trehalose, lactamide, uridine-59-phosphate and D-glucose 6-phosphate could clearly differentiate strain CM1E1
T from K. rhizophila JCM 11653 T . The distinctive physiological characteristics between strain CM1E1
T and K. rhizophila JCM 11653 T are shown in Table 2 , while the common features observed between the two strains are available in Table S2 . A scanning electron micrograph showing the general morphology of strain CM1E1
T is available as Fig. S2 .
DNA-DNA hybridization between strain CM1E1
T and K. rhizophila JCM 11653
T was determined by the spectrophotometric protocol (De Ley et al., 1970) . A DNA-DNA relatedness value of 30.4¡5.5 % was obtained between strain CM1E1
T and K. rhizophila JCM 11653 T , which was lower than the threshold (70 %) and firmly suggested strain CM1E1
T as a novel genomic species (Stackebrandt & Goebel, 1994; Tindall et al., 2010) . The DNA G+C content of strain CM1E1
T was determined spectrophotometrically with a thermal denaturation method (Mandel & Marmur, 1968) . The value of 74.5 mol% (G+C) acquired for strain CM1E1
T was in the typical range of the genus Kocuria (60-75 mol%) Kim et al., 2004) .
Therefore, on basis of the phylogenetic relationship and the phenotypic and chemotaxonomic traits, strain CM1E1 T is considered to represent a novel species of the genus Kocuria, for which the name Kocuria arsenatis sp. nov. is proposed.
Description of Kocuria arsenatis sp. nov.
Kocuria arsenatis (ar.se.na9tis N.L. gen. n. arsenatis of arsenate, referring to the ability of arsenate and arsenite resistance).
Cells are Gram-stain-positive, aerobic, non-motile, and coccoid (0.2-0.6 mm in diameter), occurring in pairs, tetrads and packets. Endospores are not produced. Colonies are 1.5-2.5 mm in diameter, opaque, smooth and circular with regular edges and yellow pigmentation after cultivation for 48 h on TSA at 28 uC. Pink-brown diffusible pigment is observed after incubation for 3 days in TSB at 28 uC. In LB, the temperature range for growth is 20-44 uC and optimum growth is observed at 28-37 uC, while in ISP4 medium the temperature range for growth is 20-37 uC with optimum growth observed at 28 uC. NaCl is not required for growth, but is tolerated up to 10 % (w/v), and optimum growth occurs in the presence of 1-3 % NaCl. The pH range for growth was 4.0-11.0, with optimum growth at pH 6.0. Grows well in TSA, LB, NA, ISP 1, ISP 5, Czapek's agar and weakly in ISP 4 after incubation for 21 days. Catalase, urease and assimilation of citrate are positive. Starch is not hydrolysed. Nitrite is reduced. Positive for the utilization of dextrin, glycogen, Tween 40, Tween 80, L-arabinose, D-fructose, D-gluconic acid, a-D-glucose, maltose, maltrotiose, melezitose, melibiose, D-picose, ribose, sucrose, D-tagatose, trehalose, turanose, D-xylose, acetic acid, a-hydroxybutyric acid, b-hydroxybutyric, r-hydroxyphenylacetic acid, a-ketoglutaric acid, a-ketovaleric, lactamide, D-lactic acid methyl ester, L-lactic acid, L-malic acid, L-pyruvic acid methyl ester, succinic acid monomethyl ester, propionic acid, pyruvic acid, succinic acid, succinamic acid, N-acetyl-L-glutamic acid, L-alaninamide, D-alanine, L-alanine, L-alanyl glycine, L-asparagine, L-glutamic acid, L-pyroglutamic acid, L-serine, glycerol, adenosine, 29-deoxyadenosine, inosine, thymidine, uridine, adenosine-59-monophosphate, thymidine-59-monophosphate, uridine-59-monophosphate, D-fructose 6-phosphate, D-glucose 6-phosphate and DL-aglycerol phosphate. a-Cyclodextrin, b-cyclodextrin, amygdalin, b-methyl D-glucoside, b-methyl D-glucose, palatinose, Lrhamnose, salicin, xylitol, adenosine-59-monophosphate and a-D-glucose 1-phosphate are utilized weakly as sole carbon source. The major respiratory quinones are MK-7(H 2 ) and MK-8(H 2 ). The cell-wall peptidoglycan contains lysine (Lys) and alanine (Ala). The major fatty acids (w5 %) are anteiso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 15 : 0 , iso-C 16 : 0 and C 16 : 0 .
The type strain CM1E1 T (5CCBAU 101092 T 5HAMBI 3625 T 5LMG 28671 T ) was isolated from lateral root tissue of Prosopis laegivata grown on a mine tailing with high arsenic concentration at Villa de la Paz, San Luis Potosí, Mexico, and is resistant to 20 mM arsenate and arsenite in the mineral medium. The genomic DNA G+C content of the type strain is 74.5 mol% (T m ).
